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OHIO  RIVER  BASIN 
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Pertinent  Data 

1.  Authority  for  Project.  Flood  Control  Act  designated  as  Public 
Law  861,  approved  on  28  June  1938  as  recommended  by  First  Session, 

75th  Congress. 

2.  Purpose  of  Project.  To  furnish  flood  protection  in  the  valley 
of  Caesar  Creek  and  Little  Miami  River  Basin.  Hie  reservoir  project  is 
a  unit  in  the  general  comprehensive  plan  for  flood  control  and  allied 
purposes  in  the  Ohio  River  Basin.  A  secondary  purpose  of  the  project 
is  to  provide  storage  for  water  supply,  land  water  quality  control  and 
a  pool  for  recreation  and  fish  and  wildlife  activities. 

3.  Location  of  Project.  The  dam  is  located  on  Caesar  Creek  about 
3  miles  above  the  junction  with  the  Little  Miami  River  and  about  3.5 
miles  southeast  of  Waynesville,  Ohio.  It  is  located  about  30  air 
miles  northeast  of  Cincinnati,  Ohio  and  35  miles  southeast  of  Dayton, 
Ohio. 


4.  Drainage  Area  at  Damslte.  237  square  miles. 
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5.  Reservoir . 


Elevation 

Ar  ea 

S  to  rage 

Item 

(feet  msl) 

(Acres) 

Acre  tee!  Incl 

lies  Kimi' 

Siltation  Reserve 

800 

700 

1 3, 300 

1.05 

Water  Supply  and 

Water  Quality  Control 

846 

2,  720 

9  3,  700 

7.41 

Seasonal  Pool 

849 

2,830 

102,000 

8.0  7 

Flood  Pool 

883 

6,110 

24 2, 200 

19.16 

Allocated  to 

Flood  Storage 

Allocated  to 

846-883 

148, 500 

11.75 

Water  Supply  and 

Water  Quality  Control  800-846 

- 

80,-400 

6-36 

Allocated  to 

Seasonal  Storage 

Allocated  to 

846-849 

' 

8,300 

0.66 

Seasonal  Flood 

Storage 

849-883 

- 

140,200 

11.0 

b 


i 


6. 


Dam. 


I 

a .  Embankment • 


Type 

Top  Elevation  (msl) 
Maximum  Height,  feet 
Length,  feet 
Top  width,  feet 
Side  Slopes  -  Upstream 

-  Downstream 


Earth  &  Rockf  i  1  1 
903 
166 
2,  748 
92 

IV  on  3 •  hH 
IV  on  3H 


b.  Dikes. 


Number 

Type 

Top  Elevation  (msl) 
Maximum  Height,  feet 
Length,  feet  'A  587. 

Top  Width,  feet 
Side  Slopes  -  Upstream 

-  Downstream 


Earth  Fill 

903 

;f>,  ' C  '  7 ,  '  F '  1  3 
' C ' A 0  5 ,  ' F ' 97  7 
I  2 

I V  on  3H  upper  19  ft 
IV  on  AH  remainder 
IV  on  3H  upper  1  A  f  t 
IV  on  AH  remainder 


A ' 6 7 ,  'B' 
' B 'A05A, 


» 


[ 


c 


Type 


Open  Cut  through 


Crest  Elevation  (msl) 

Bottom  Width,  feet 
Protection  for  Spillway  Cut 

Length,  feet 
Side  Slopes 


Bottom  Slope 


left  abutment  ridge 
88  J 
500 

22'  Concrete  sill 
at  crest 

2,660 

1  on  3  overburden 
(10  foot  berms) 

2  on  1  rock 
0.5%  upstream 

1 . 5  ^  downstream 


Outlet  Works. 


Conduit  Type 
Conduit  diameter,  feet 
Control  gates,  number 
Size  of  gates,  feet 
Invert  Elevation 
to  outlet  works  (msl) 

Discharge  Capacity  at  Minimum  Pool(cf.s) 
Discharge  Capacity  at  Seasonal  Pool(cfs) 
Discharge  Capacity  at  Flood  Pool(cfs) 


oblong,  concrete 
12'  high  x  8'  wide 
2  service,  2  emergency 
4.00'  x  12.00' 


7  39 
3,360 
4,480 
5,130 


d 


. 


Land  Acquisition . 


Fee,  Acres 


Relocations . 

a.  grate  Highways . 

Ohio  380 

i 

Oh  io  73 

b.  Gountv  Roads, 

Greene  County,  2  locations 
Clinton  County,  2  locations 
Warren  County,  miscellaneous  work 

c.  Public  Utilities. 

High  Voltage  electric  power  transmissi 
Medium  Voltage  electric  power  distrUu 
Telephone  facilities  and  lines 
Gas  transmission  pipe  lines 

Public  Access. 


.38  mi les 
.40  miles 


.  S  miles 
i.H  miles 


on  lines 
it  ion  1 ines 


Humber  of  sites 


Reservoir  Clearing 


Area,  acres 


4  00 


Hydroelectric  Power ■ 


Non  e 


Annual  Charges  . 


Annual  Benefits  ■ 


a-  Flood  Control 

b.  Recreation 

c.  Water  Quality  Control 
and  Water  Supply 

Total 


<1,41  4,000 


$1,244,000 

1,724,000 


_ 424,000 

$3, 392,000 


Ratio,  Benefits  to  Cost . 


Construction  Time. 
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EMBANKMENT  CRITERIA  AND  PER KORMANCE  REPORT 


1.  General. 


a.  Authority.  Authority  for  preparation  of  the  Enbankmeil  Criteria 
and  Performance  Report  for  Caesar  Creek  Dam  is  contained  in  HR- 1 1 0 -2- 190 1  , 
dated  1  August  1972. 

b.  Project  Purposes.  To  furnish  flood  protect  ion  in  the  valley  of 
Caesar  Creek  and  Little  Miami  River  Basin.  The  reservoir  project  is  a 
unit  in  the  general  comprehensive  plat  for  flood  control  and  illied  pur¬ 
poses  in  the  Ohio  River  Basin.  A  secondary  purpose  of  the  project  is  to 
provide  storage  for  water  quality  control  and  a  pool  for  recreation  and 
fish  and  wildlife  activities. 

c.  Project  Lo cat  ion .  The  project  is  located  on  Caesar  Creek  about 

3  miles  above  the  junction  with  the  Little  Miani  River  and  about  3.5  miles 
southeast  of  Waynesvil le ,  Ohio.  It  is  located  about  30  air  miles  north¬ 
'd  *•  of  Cincinnati,  Ohio  and  35  miles  southeast  of  Dayton,  Ohio.  A  reser¬ 
voir  area  map  and  general  plan  are  presetted  on  Plates  1  and  3. 

d.  History  of  Construction.  Contract  DAtJW 27-7 2 -C-OoHA ,  Construction 
of  Outlet  Works,  Dam,  and  Spillway,  Caesar  Creek  Lake,  Ohio,  was  awarded 
on  1  March  1972  to  Butt  and  Head.  Luc..  Dayton,  duo.  The  contract 
Involved  construction  of  the  earth  and  rockfill  dam,  outlet  works  at  the 
base  of  the  right  abutment,  uncontrolled  spillway  on  the  left  lbutment, 
and  all  appurtenant  work. 

On  19  July  1973,  the  Attorney  General  of  Ohio  filed  a  complaint  in  the 
Federal  District  Court.  .As  a  result  of  this  litigation,  all  significant 
work  at  the  project  was  stopped  hy  Court's  Order  on  24  July  1973  pending 
the  filing  of  a  complete  and  adequate  Environmental  Impact  Statement.  The 
restraining  order  was  partially  lifted  to  allow  work  to  continue  on  the 


permanent  cofferdam  and  operating  tower.  The  court  injunction  was  vacated 
in  May  1974 . 


The  following  is  a  compilation  of  significant  emit  ract  dates: 


04  April  1972 
17  August  1972 

23  March  1973 
25  May  1973 
14  July  1973 
21  July  1973 

24  July  1973 

25  July  1973 

10  September  1973 


1 1 

September 

1973 

02 

November 

1973 

06 

November 

1973 

14 

November 

1973 

07 

December 

1973 

27 

Decerabe  r 

1973 

23 

May  1974 

20 

August  1974 

07 

September 

1974 

17 

September 

1974 

25 

October  1974 

06 

November 

1974 

14 

November 

1974 

19 

Novembe  r 

1974 

06 

December 

1974 

16 

December 

1974 

03 

April  1975 

06 

May  1975 

09 

August  1975 

25 

August  1975 

11 

October  1975 

13 

October  1975 

12 

December 

1975 

First  clearing  begins. 

First  concrete  placed. 

Completed  concrete  work  on  conduit. 

Began  stripping  for  pentane  it  cofferdam. 
Stream  diverted  through  conduit. 
Diversion  cofferdam  overtopped. 

Diversion  cofferdam  overtopped. 
Contractor  informed  of  injunction 
against  earth  work. 

Work  suspended  by  court — all  work  after 
1100  hours  directed  towards  preventing 
damage  during  winter 

Work  suspension  Ilf ted--work  limited  to 
permanent  cofferdam  and  spillway. 
Completed  Stage  1  cofferdam. 

Began  excavating  cutoff  trench. 

Completed  Stage  IT  cofferdam. 

Began  grout  operations  through  valley. 
Completed  grout  in  valley. 

Contractor  informed  that  injunction  had 
been  totally  lifted. 

Begat  cleaning  cutoff  trench. 

Corf’  tr-nich  denied ,  inspected  and 
impervious  placement  begun. 

Begat  placing  rock. 

Began  excavat  ing  right  abutment  cutoff 
t  ren  c  h. 

Began  grout  ing.  right  abutment. 

Grout  ing  c  om p  l  e  t.  e . 
excavation  for  to<  drain. 

Toe  drain  complete. 

Winter  shutdown  for  major  embankment 
with  fill  at  elevation  783+. 

Began  embankment. 

Start  placing  riprap  on  US  sLope. 

Dam  topped  out. 

Began  piezometer  instal  lat ion . 
Piezometers  complete. 

Spillway  control  structure  finished. 
Installed  surface  reference  marks. 
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2.  Geology . 


a.  Project  Area.  The  Caesar  Creek  Rese  rvu  i  r  site  is  located  in  the 
glaciated  area  of  Ohio.  Glacial  deposits  are  Ill;  oian  and  i  scons  :  an  in 
age.  The  damsite  marks  the  southern  limit  ot  Wi scons  ian  deposits. 

Glacial  deposits  on  the  right  bank  arc  b  i  scons i an  and  on  the  left  hank  are 
lllinoian.  Caesar  Creek  is  embodied  in  bedrock  at  the  dans  it-1  wit  It  a 
valley  width  of  about  300  feet.  Bedrock  in  the  valle/  is  about  elevation 
724  and  bedrock  extends  above  spillvav  crest  elevation  '-<3)  in  hot  h  abut¬ 
ments.  Bedrock  is  the  Richmond  Formation  •>:  interheddei  limestone  and 
shale,  Ordovician  in  age.  Approximately  ; .  3  miles  ah  >ve  t  lie  dam,  Caesar 
Creek  flows  in  a  broad  meandering  valley  of  glacial  deposits.  Maximum 
relief  is  300  feet.  A  dendritic  drainage  pattern  has  developed.  Prior  to 
the  lllinoian  glaciation,  the  drainage  pattern  was  quite  different  than 
that  of  today.  A  southward  flowing  river,  referred  to  as  the  "Hamilton 
River"  cut  a  deep  bedrock  channel  through  Green  barren  and  ill  inton 
Counties.  This  preglacial  river  split  between  New  Burlington  and 
Harveysburg.  The  west  arm  of  the  river  flowed  in  the  present  Little  Miami 
River  valley  and  t he  east  arm  flowed  in  a  southeast  direction  until  it 
reached  the  present  Todd  Fork  Valley  where  it  turned  southwest  following 
the  present  Todd  Fork  Valley.  Both  arms  of  the  river  are  now  buried 
v'nlLyo.  The  west  area  of  t lie  vall'-v  is  not  in  the  reservoir  whereas  the 
east  arm  does  cross  the  reservoir  about  3  miles  upstream  from  the  dam. 
Approximate  top  of  bedrock  in  the  buried  valley  is  elevation  750.  The 
drainage  divide  between  Caesar  Creek  and  the  Little  Miami  River  is  located 
in  the  oLd  Hamilton  River  bedrock  channel.  The  drainage  divide  is  a 
Wisconsian  end  moraine  that  was  deposited  as  hills  and  ridges  at  the  edges 
of  the  glacier.  The  ridges  are  not  truly  connected .  but  rather  irregu¬ 
larly  grouped  together  into  more  or  less  well  defined  belts.  The  drainage 
divide  is  composed  of  clay  till  with  iuterbedded  sand  and  grave l .  The  end 
moraine  deposits  lack  the  compactness  characteristics  of  ground  moraines 
which  have  been  over-ridden  by  the  heavy  ice  sheets.  Formation  at  the 
damsite  is  a  calcareous  shale  with  10-15  percent  iuterbedded  limestone 
which  has  0.1  foot  to  1.0  foot  thick  beds.  The  dominant  joint  pattern  is 
N6CW  and  N40F,.  The  site  is  considered  quiescent  and  no  earthquake  shocks 
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are  known  to  have  occurred  which  have  caused  an  Intensity  greater  than  II 
on  the  Modified  MercalLi  Scale.  The  nearest  and  Greatest  disturbance  of 
record  was  reported  in  the  Cincinnati  area  on  17  October  19  17 . 

b.  Dams ite .  The  topography  along  Caesar  Creek  in  the  dams i to  area 
is  characterized  by  a  broad,  flat  upland  which  has  a  steep-sided  rock  cut 
gorge  running  throughout.  Rock  outcrops  in  the.  tributary  streams 
immediately  upstream  and  downstream  from  the  dam  centerline.  The  drainage 
pattern  is  dendritic.  Tributary  streams  are  fed  from  springs  high  on  the 
drainage  divide  and  flow  along  gentle  gradients  in  the  glacial  till  and 
finally  along  bedrock  near  the  mouth.  Residual  lean  to  fat  clay  is  found 
on  both  abutment  side  slopes  and  in  the  spillway  area.  On  t  lie  left  abut¬ 
ment  it  is  2  to  5  feet  thick  whereas  on  the  right  abutment  side  slopes  it 
is  as  thick  as  10  feet.  The  clay  is  moderately  firm  with  limestone 
fragments  scattered  throughout.  In  the  spillway  area  the  clay  is  2  to  12 
feet  thick.  Along  the  toe  of  the  right  abutment  is  16  to  26  feet  of 
colluvium.  The  colluvium  varies  from  a  fat  clay  to  a  gravelly  clay. 
CoLluvium  is  also  found  on  top  of  the  drainage  divide  in  both  abutments. 
Wisconsian  till  is  found  on  the  right  bank  and  111  Ionian  till  is  found  on 
t lie  left.  On  the  right  abutment  the  till  thickness  varies  from  10  to  30 
feet.  The  top  10  to  15  feet  is  a  brown  leached  clay  till  which  overlies 
10  feet  of  gray  clay  till.  The  lower  3  to  8  feet  is  a  gray  brown  clay 
till,  IILinoian  in  age.  On  the  left  abutment  the  maximum  thickness  of 
overburden  is  found,  just  at  the  top  of  the  hill  where  a  topographic  high 
is  evident.  The  till  has  3  maximum  thickness  of  28  feet  and  thins  out 
toward  the  spillway  where  overburden  is  2  to  7  feet  thick  and  is  primarily 
a  residual  lean  clay  with  rock  fragments.  Alluvial  sandy  clay  and  gravel 
is  found  in  the  narrow  valley  bottom.  Immediately  overlying  bedrock  is  a 
sandy  gravel  with  some  silt,  clay  and  organic  clay.  The  gravel  has  a 
maximum  thickness  of  20  feet  at  the  downstream  left  bank  toe.  Overlying 
the  gravel  is  some  10  to  15  feet  of  sandy  silty  clay  which  is  soft  to 
moderate  soft.  The  geologic  profiles  and  sections  for  the  dam  are  shown 
on  plates  A  through  10.  For  reference,  a  boring  location  plan  is 
presented  on  plate  3. 
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3.  Foundation  and  Abutment  Treatment.  The  general  abutment  stripping 
varied  from  1  to  3  feet  in  depth  to  residual  soil.  ^tripping  in  the 
valley  to  much  greater  depths  was  necessary  Lo  remove  wet  and  weak 
materials  that  contained  organic  materials  in  and  adjacent  to  the  stream- 
bed.  The  valley  was  excavated  to  sand  and  grave  1  or  bedrock.  The 
greatest  depths  of  excavation  were  along  the  left  side  of  the  valley  and 
at  the  downstream  central  portion  where  brown  silty  clays  and  scattered 
pockets  of  peat  were  removed  to  bedrock  at  elevation  7  2  '•> .  The  elevations 
of  the  stripped  valley  foundations  are  shown  on  Plates  1  1  and  !•». 

The  cutoff  was  excavated  5  feet  into  rock  (shale  and  limestone)  with  a 
bottom  width  of  50  feet  below  elevation  7b0  which  extended  between 
stations  19+50  and  23+50.  The  cutoff  width  was  transitioned  to  20  feet 
wide  at  the  ends  of  the  trench,  stations  15+20  and  27+50. 

The  side  slopes  were  1H  on  IV  in  rock  and  1.511  on  IV  in  sand  and  gravel  or 
residual  soil.  The  foundation  in  the  valley  bottom  cutoff  trench  was 
founded  on  a  layer  of  limestone  except  for  the  gnat-tor  near  the  left 
abutment.  At  that  location,  the  limestone  layet  had  b"e  \  broken  through 
and  the  shale  beneath  it  required  more  careful  cleaning.  Problems  of 
cleaning  the  shale  were  also  compounded  bv  seepage  from  the  left  abutment 
through  the  overburden  and  also  through  t he  surrounding  sands  and 
gravels.  Two  sumps  were  dug  at  the  downstream  edge  of  the  trench.  One  at 
the  toe  of  the  left  abutment  was  cut  *  feet  into  rock  and  sandbagged.  The 
other,  20  feet  up  station,  acted  as  a  drain  for  tl+>  sand  and  gravel.  The 
upstream  edge  of  the  trench  was  benched  at  the  interface  between  sand  and 
gravel'and  sloped  toward  the  sump  located  at  the  axis  of  the  dam.  These 
sumps  were  fiLled  with  2  feet  of  impervious  fill  and  hand-tamped  with 
power  tampers.  The  cutoff  on  the  valley  sides  presented  no  difficulties 
except  for  seepage  through  the  sand  and  gravel  from  approximately  stations 
25+40  to  27+00  which  was  controlled  by  the  construction  of  the  gravel 
packed  sump  at  station  26+96.  A  6-foot  deep  inspection  trench  was 
excavated  from  the  ends  of  the  cutoff  trench  (stations  1^+20  and  27+50)  to 
the  ends  of  the  dam  embankment  (stations  2+51  and  30+00).  The  trench  side 
slopes  were  1.5H  to  IV  and  had  a  6-foot  wide  bottom.  Where  sandy  deposits 
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occurred  at  the  bottom  of  the  trench,  it  was  excavated  to  t  he  bottom  of 
the  sand.  A  3-foot  over  excavation  was  made  at  station  38+00.  No  serious 
leakage  problems  were  anticipated  in  the  foundation  under  the  dam  till,  so 
a  minor  grouting  program  was  undertaken.  A  single  line  trout  curtain 
along  tlie  dam  .axis  was  placed  to  a  depth  of  id  teet  below  the  top  of  ruck, 
excepting  the  upper  portion  of  the  left  abutment.  From  stations  1 3- 2 1 »  to 
lb+67,  the  grout  curtain  was  extended  to  eLevation  81.3.  The  contract 
called  for  split  spacing,  stage  grouting  method  with  the  primary  grout, 
holes  on  20-foot  centers.  All  holes  were  angled  20  degrees  into  the  slope 
to  intercept  the  maximum  number  of  vertical  fractures.  \1 l  holes  were 
drilled  in  this  manner,  but  only  2  holes  requir'd  more  than  1  stage. 

During  the  grouting,  several  holes  developed  surface  leaks  5  to  10  feet 
down  the  slope  from  the  hole  being  grouted.  The  leakage  occurred  along 
shale-limestone  contacts  which  were  prohahly  disrupted  during  excava¬ 
tion.  When  excessive  leakage  occurred,  a  10-foot  packer  was  used  to  grout 
the  lower  portion  of  the  hole.  The  packer  was  t he  i  removed  and  the  grout 
was  thickened  to  stop  the  leaks  in  the  upper  portion  of  the  hole.  Grout 
take  was  minimal  with  most  of  the  grout  being  used  to  stop  surface 
leaks.  Only  four  secondary  holes  were  drilled  to  insure  adequate  grouting 
in  cases  where  lower  portion  grouting  of  i he  primary  holes  were 
questionab le . 

Hock  surfaces  were  exposed  prior  to  embankment  placement  throughout  the 
cutoff  trench,  on  either  side  of  the  outlet  works  and  in  certai1  areas  of 
the  valley.  Vertical  faces  in  rock  existed  in  the  abutment  areas  at  the 
termination  of  limestone  seams.  These  faces  were  1  foot  or  less  in 
thickness  and  required  no  special  excavation  technique  prior  to  placement 
of  embankment  material.  When  an  overhang  was  produced  by  excavation 
operations,  the  overhang  was  removed  by  hand  methods.  The  steepest  slope 
face  to  receive  embankment  was  4V  to  111  as  excavated  along  the  right 
abutment  for  outlet  works  construction.  Cracks  or  fissures  within  the 
cutoff  trench  and  foundation  area  were  not  found  with  openings  large 
enough  to  be  filled  with  grout.  Loose  rock  and  coating  was  removed  from 
the  rock  surface  by  use  of  picks,  shovels  and  brooms  ahead  of  embankment 
placement . 
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4.  Embankment^ 

a.  General .  The  embankment  sect  ion  consists  of  compacted  random 
fill  ami  a  compacted  impervious  core.  The  random  fill  zones  are  rock 
except  the  upper  portion  of  the  downstream  zone  which  is  clnv.  The 
embankment  is  2,748  feet  long  with  an  upstream  slope  of  3. Ill  on  1'.’  and 
downstream  slope  of  3H  on  IV.  The  top  of  dan  is  elevation  9' » 3  with  a 
cres  width  of  42  feet  to  provide  for  a  county  road.  The  core  has 
symmetrical  side  slopes  of  Id  on  4V .  Internal  drainage  is  controlled  by  a 
5-foot  wide  sloping  filter  drain  on  the  downstream  side  of  the  core  from 
elevation  883  down  to  where  it  ties  into  either  a  3-foot  thick  horizontal 
filter  blanket  on  the  stripped  foundation  or  extends  5  feet  into  the  rand 
and  gravel  left  in  place  in  the  valley  bottom.  4  5-foot  wide  transition 
zone  was  placed  between  the  inclined  drain  and  the  downstream  random  fill 
zone  from  the  horizontal  drain  up  to  the  top  of  the  random  r jek  zone.  The 
upstream  face  of  the  dam  is  blanketed  with  a  20-inch  thickness  of  150 
(found  maximum  size  stone  on  a  0-inch  layer  of  bedding  from  the  top  of  the 
dam  to  elevation  795.  The  downstream  slope  of  the  dam  was  covered  with  a 
12-inch  layer  of  topsoil  from  the  spillway  stripping.  The  site  plan  and 
typical  dam  sections  are  shown  on  plates  1!  and  11. 

b.  Materials  Sources.  Approximately  2,29b,i'00  cubic  yards  of  earth 
and  random  filL,  drainage  and  transition  material,  and  protection  stone 
was  required  in  the  dam  section.  The  material  used  to  construct  the 
primary  embankment  zones  was  first  obtained  from  required  excavation  and 
then  from  designated  borrow  areas.  The  granular  borrow  area  is  shown  on 
Plate  16.  Materials  for  the  impervious  core  came  from  spillway  over¬ 
burden,  borrow  area  2  and  the  outlet  works  excavation.  (See  Plate  15.)  A 
small  portion  of  the  impervious  material  came  from  the  cutoff  trench 
excavation.  Random  rock  was  obtained  from  the  spillway  excavation,  borrow 
area  1  and  the  cutoff  trench  excavation.  The  random  earth  zone  material 
was  obtained  from  stockpiles  of  dam  foundation  excavation,  the  valley 
portion  of  the  cutoff  trench  and  the  inlet  and  outlet  channel  excava¬ 
tion.  All  materials  excavated  were  used  in  the  embankment  except  surplus 
topsoil  that  was  stockpiled  left  of  the  spillway  and  upstream  of  the  left 
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abutment  access  road,  the  material  from  the  foundation  excavation, 
unsuitable  for  embankment,  that  was  wasted  and  material  used  i:  haul 
roads.  The  Materials  Usage  Chart  is  shown  on  Plate  17. 

c.  .Compaction  Equipment.  The  following  rollers  wer>-  used  in 
compacting  the  embankment  materials: 

Sheepsfoot  Rollers: 

a.  Ferguson  Model  12QF 

b.  Self-propelled 

c. .  2  drums,  side-by-side,  5. S’  long  x  5. 5'diameter. 

d.  3,040  lb/ft  empty 

e.  Oscillating  frame  and  spring  cleaner 

f.  Specified  5  mph  maximum  speed 

g.  1,073  psi  foot  pressure-ballasted 
Vibratory  Rollers: 

a.  Rago  Rascal  Model  400A 

b.  Self-propelled 

c.  1  drum,  4.92'  diameter 

d.  Static  weight  23,500  pounds 

e.  Frequency  of  vibration  1100-1500  vibrations  per  minute 

f.  Specified  3.5  mph  maximum  speed 

g.  Dynamic  force  27,000  pounds 
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Pneuma  t  ic-Tired  Hollers  : 

a.  Tampo  Model  50 

h.  4  tires,  24  plv  .  18.00x2',.  w  in  apart 

c.  Specified  5  raph  maximum  speed 

d.  Roller  width  9 1 4 "  overall 

e .  Weight  19,000  pounds  empty 

f.  Weight  1  iV:t  ,000  pounds  w'85  psi 

g .  Contact  pressure  75  psi  loose  materia  1 
15')  psi  compacted  material 

d.  Karth  Placement.  Impervious  fill  was  placed  in  the  impervious 
zone,  cutoff  and  inspection  trenches  and  adjacent  to  the  sides  of  the 
operating  tower.  Material  was  spread  in  layers  of  tot  nore  than  n  inch 
thickness  before  compaction.  Koch  layer  was  disked  until  clods  were 
broken  down  and  desired  moisture  content  was  obtained.  Moisture  content 
after  compaction  was  required  to  be  within,  the  limits  of  1  percentage 
point  above  optimum  and  1  percentage  point  below  optimum  is  determined  in 
the  field.  In-place  moistures  of  excavated  material  averaged  3  to  4 
percentage  points  above  optimum,  maki  ig  drying  necessary  both  at  the 
source  and  on  the  embankment.  The  layers  were  compacted  by  six  passes  of 
a  sheepsfoot  roller.  Additional  rolling  was  not  necessary  to  attain  the 
desired  compaction. 

In  the  compaction  of  the  impervious  and  random  earth  embankment  materials, 
the  design  requirements  for  densitv  were  considered  met  if  the  field 
density  tests  indicated  densities  of  the  compacted  materials  were  95 
percent  or  greater  of  the  maximum  densities  as  determined  from  F.M  111  0—2— 
1906  Appendix  VI  (Standard  Compaction  Test).  A  nest  of  mo i s ture- dens i tv 
curves  covering  the  range  of  soil  used  was  developed.  (.See  'plates  24 
through  26.)  Soils  with  100  percent  passing  the  \'o.  <  sieve  were 
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compacted  in  a  4-inch  mold.  Soils  with  fractions  retained  ki  the  No.  4 
sieve  and  passing  the  3/4-inch  sieve  were  compacted  in  a  b-iu-h  mold.  A  1 
point  standard  compaction  test  at  1  to  2  percentage  points  below  optimum 
was  made  from  each  in-place  density  test  material  for  identifying  the 
applicable  maximum  density  and  optimum  moisture  iron  the  nest  of  curves. 
Tests  were  performed  by  Contractor  quality  control  technicians  in  a  field 
laboratory  at  the  Resident  Office  under  the  supervision  of  a  Government 
technician  who  also  performed  check  tests  for  comparison  with  the 
Contractor  tests.  The  total  number  of  L>‘sts  performed  were  as  follows. 

Dam 

Total  Contractor  Tests  247 

Total  Government  Tests  102 

The  distribution  of  density  tests  performed  on  the  impervious  material, 
the  random  material  and  the  drain  material  ar>-  shown  on  plates  IS  through 
21.  A  summary  of  field  compaction  control  test  data  and  design  placement 
requirements  for  the  dam  is  shown  on  plate  22.  A  summary  of  field 
compaction  control  test  data  and  design  placement  requirements  for  the 
dike  is  shown  on  plate  23. 

e.  Rock  Placement.  Random  rack  from  required  oxcavat  Ions  arid  borrow 
area  No.  1  was  placed  upstream  of  the  impervious  core  zone  from  the 
foundation  to  the  top  of  the  dam  and  downstream  of  the  impervious  core 
from  the  foundation  to  elevation  860.  The  material  was  dumped  and  spread 
in  layers  not  more  than  8  inches  thick  before  compaction.  Rach  layer  was 
compacted  by  4  passes  of  a  sheepsfoot  roller  and  2  passes  of  a  50-ton 
pneumatic  tired  roller. 

Density  tests  were  performed  by  using  a  template  placed  on  the  compacted 
rock.  A  hole  approximately  2,x2'x2'  was  carefully  excavated  by  using  a 
olck,  shovel,  and  small  hand  tools.  The  weight  of  excavated  material  was 
obtained.  The  hole  was  lined  with  plastic  and  filled  with  water  to  the 
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calibration  mark.  The  water  used  to  til:  the  exoavat  ion  to  tV  cal  inra¬ 
tion  mark  determined  the  volume  of  -.uteri  il  excavated,  thus  wei/ht  per 
cubic  foot  was  obtained. 


Listed  b-  low  are  locations  and  result  -  •  >*  the  ra  ui . a-,  t  >ek  t-  sts: 

Table  ! 


Test  No. 

Stat ion 

>r  f set 

F 1  <- va  t  i  on 

Density  ( 

1 

22+nO 

•oi)  r  i’  \ ‘ S 

at 

;  4 1 . 2 

2 

21+wO 

147  r f  rs 

7  lb 

14  5,4 

3 

2'H-O  d 

a  50  FT  PS 

111 

i  5  I  .  4 

4 

20+70 

2b  5  FT  i)S 

8 1 0 

12  3.3 

5 

2  o+8  1 

18  '  FT  OS 

84  5 

1  31 .0 

6 

17+8o 

48  **  r  1 1  s 

8  90 

i  39.9 

A  percolation 

test  was  also  pc- 

rformed  in  t 

he  excavated  holes. 

The  r-sul 

of  these  tests 

showed  that  the 

absorpt ion 

rate  of  the  random 

r-'ck  varied 

substantially,  from  -OOOo  ft.  min  to  .  M  ft  min. 

f.  Seepage  Control.  The  seepage  control  consisted  of  a  five  foot 
wide  vertical  drain  inclined  four  .’ortical  to  one  horizontal  and  a  three 
foot  wide  blanket  of  filter  sand,  on  both  ihn:  m<  T.<  extending,  horizontally 
from  the  incline  drain  to  within  five  feet  'f  the  out-  r  slope  and 
vertically  to  elevation  883.  The  drain  is  const  ruet  <;d  between  the 
downstream  rock  zone  and  the  impervious  c  -re. 


There  is  also  a  5-foot  wide  transition  zone  between  the  filter  and  random 
rock  zone.  The  following  is  a  specified  , Tiding  oi  the  two  materials: 


Filter  Sand 

Sieve 

Percent  Passing. 

3/8" 

100 

No .  4 

95-100 

Transition  Stone 
Sieve  Percent  Passing 

100 


95-100 


l  1 


1-1/3 


# 


No, 

ib 

4  5- 80 

t  . 

3  5-' 

So* 

50 

1  0-30 

1.  8" 

1  0-  5 

No. 

1  ( 10 

0-  5 

, , 

'j-  3 

To  assure  a  good  interface  between  !  i  1 1 •  - r  aid  lay,  clay  was  overlapped  on 
the  top  of  the  filter  and  then  cut  hack  to  nr  .  v  i  !.■  a  s-aooth  c.impact-d 
vertical  face.  With  adequate  water  md  uniform  trading  of  material . 
desired  compaction  was  general  ly  achieved  wit..  „  passes  oi  the  roller. 

A  toe  drainage  system  was  constructed  across  the  valley  and  discharges 
into  the  stilling  basin.  The  drain  extended  dawn  into  the  pervious 
foundation.  The  toe  drainage  system  is  shown  on  plate  2~. 

g .  Shear  Strengths.  Because  of  tin*  low  shear  strength  and  organic 
eontent  of  the  alluvial  foundation  of  the  dam,  it  was  determined  that 
these  materials  would  be  removed.  The  alluvial  foundation  materials  in 
the  dam  were  stripped.  The  residual  mat-  rial  on  the  upper  portion  of  the 
abutments  was  left  in  place.  The  adopt-'.  .)  strengths  were  obtained  from  a 
plot  of  cohesive  strength  versus  moisture  content  and  were  adopted  from 
test  results  to  represent  materials  2  percent  wet  of  optimum.  The  R  and  S 
strength  values  for  the  impervious  fill  were  adopted  from  a  composite  of 
test  value  envelopes.  The  shear  strengths  far  the  r--l  led  ran.enn  t  >ek  were 
based  on  shear  tests  for  weathered  mat-  rills  from,  the  spillway. 

The  Adopted  Shear  Test  values  are  pro  seu.ed  below. 


Table  2 

Adopted  Soil  Design  Values 


Embankment 

Materials 

Yd 

PCF 

Ym 

PCF 

YS 

PCF 

Y  b 

PCF 

S 

T  v  pe 
Test 

hear  Value 

Tan  i'1 

C 

_ TSP_ 

Impe rvious 

105.6 

1  32.5 

1  34.6 

72.2 

a 

0 .071 

1.13 

(Lt.  Abutment 

Borrow) 

R 

0.287 

0.19 

S 

0.454 

0.00 

Impervl ous 

105.6 

127.0 

129.0 

66.6 

0 

0 . 1  30 

1  .00 

(Rt.  Abutment 

Borrow) 

R 

0.37  3 

0.30 

S 

0.547 

0.00 

L. 


1  2 


Random  Fill  109.0  135.0  1  ;  7  7 .  n  ■  i  .  lud  1  .  •'  >  5 

(Rock)  K  .  1  l1  i  0 . 5u 

S  ■  i  .'i  V  i  (J  ,f|i| 

The  random  rock  materials  were  obtained  from  the  weather.*. i  ■■  rt  ion  0  the 
spillway.  It  was  felt  that  they  did  lot  r  .on-sent  the  bw  1 ,t  the  mate¬ 
rials  that  were  to  be  used  in  the  f  i  i  1 .  Therefore,  durine  const  ru-t  ion, 
unweathered  materials  were  obtained  and  s.-ut  f •>  South  Atlantic  Division 
laboratory  for  testing.  Cube  samples  were  aNi  taken  trim  the  embankment 
core  and  tested  by  Ohio  River  Division  l.ih  r  it  R.-i  iw  at--  the  results 

of  the  additional  testing. 


Table  1 


Testing  After 

i 

I  >ri 

•  'Z 

IS 

II 

Design  Me 

.n  jraodum 

V/ 

Shear  Values 

5  m 

Ty  pe 

C 

Mate  rials 

PCF 

PCF 

!’€.»*  t 

T  a  n  0 

TSF 

Impe  rvious 

1  OS .  6 

123.3 

,  t 

0 . 

1.25 

(Lt.  Abutment 

Borrow) 

K 

0.296 

0.20 

S 

5 2 1  > 

o.oo 

Random  Fill 

109.0 

133.0 

n 

0.7  27 

1  .40 

( Rock) 

R 

1.323 

0.25 

R 

i  '  .76  7 

o.3n 

h.  Stability  Analyses.  The  darn  embankment  sections  were  subject  to 
analyses  by  the  circular  arc  and  sliding  block  and  wedge  methods.  Slope 
stability  computations  for  the  circular  arc  analysis  were  made  with  an  IBM 
360  computer  using  Program  No.  41-K2-H2-03.  Slope  stability  computations 
for  the  block  and  wedge  analysis  were  made  with  an  IBM  360  computer  using 
Program  No.  4 1-K2-H2-02 .  The  stability  of  the  critical  condition  was 
checked  by  manual  computations.  The  methods  used  in  determining  the  factor 
of  safety  follows  the  procedures  outlined  in  EM  11)0-2-1902.  The  slopes 
were  analyzed  for  the  end  of  construction,  sudden  drawdown,  partial  pool 
and  steady  seepage  cases.  The  circle  analysis  proved  critical  in  every 
case.  Since  the  damsite  is  not  in  an  area  of  seismic  activity,  no 
earthquake  analysis  was  considered.  Cases  studied  along  with  values 
obtained  are  presented  below  in  Table  4. 
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T  a  bio  '* 

‘lininun  S.)l  e t  y  Factor 

Case  Studied _  Circular  Arc  Slack  {1  Wedge  Perpii  red 

Dam 

End  of  Construction 


Upstream 

End  of  Construction 

2.17 

— 

1.3 

Downstream 

2.2  1 

.  1- 

1.3 

Sudden  Drawdown 

1  .2" 

i  .29 

1.2 

Partial  Pool 

1.53 

1.5 

Steady  Seepage 

1  .77 

1  .f>9 

1  .5 

End _jof  Cons  t  ruct ion . 

()  shear  strengths  are  applicable  for  this  case.  A  minimum  factor  of  safety 
of  2.37  was  obtained  for  the  upstream  section.  A  minimum  factor  of  safety 
of  2.23  was  obtained  for  the  downstream  s.-ctii  >n. 

Sudd e u _D r a wdo  wn  . 

R  shear  strengths  are  applicable  for  Lhis  case.  The  upstream  slope  was 
analyzed  for  drawdown  from  spillway  crest  to  a  minimum  pool  for  a  maximum 
drawdown  of  33  feet.  Full  uplift  was  assumed  with  saturated  weights 
utilized  below  the  saturation  line.  A  minimum  factor  )f  safety  of  1.20  was 
obtained . 

Partial  JhxrL . 

R  shear  strengths  are  applicable  for  this  case.  The  pool  elevations 
considered  were  spillway  crest  elev-tion.  minimum  pool  elevation  and  no 
pool.  Full  uplift  was  utilized  with  horizontal  saturation  lines.  A 
minimum  factor  of  safety  of  1.53  was  obtained. 

Ste ady  Seepage . 

R  and  3  strengths  are  applicable  for  this  case.  The  internal  drainage 
system  was  considered  operative.  The  embankment  was  considered  to  be 
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saturated  to  spillway  crest  upstream  ut  the  i  u-  1  i  ie.i  Jrii  i,  No  t  oi  lw.it  et 
was  considered.  A  minimum  aver  a  ye  factor  if  sai-tv  ut  1  . •'  was  >bt  lined. 

The  stability  analyses  are  shown  on  plates  ;m  through 

5.  Diversion  and  Closure. 

a.  Diversion.  The  dam  diversion  plan  is  pr.-sent  ed  on  p  1  .> » .  •  1). 
Diversion  of  the  stream  occurred  on  1  l  ily  1973  ami  stripping  across  the 
entire  valley  started  on  19  July  197  i,  Diversion  was  accomplished  by 
temporary  cofferdams  immediately  upstream  and  downs ti  mi  of  the  respective 
toes  of  slope.  The  centerline  of  cot  t  er.lam  "B"  was  7  c  feet  upstream  of 
centerline  of  dam.  The  cofferdams  were  taken  to  rock  except  for  a  small 
section  of  "B”  which  was  founded  on  sand  ind  .'ravel  with  a  4-foot  wide 
trench  to  rock.  The  cofferdams  had  side  slopes  of  21)  on  1 V  with  a  1 9- foot 
top  width  at  elevation  745  and  were  composed  •  :  Material  'r  in  cofferdam  "A 
(around  outlet  works)  which  was  outlet  works  excavation. 

One  week  after  diversion,  the  runoff  from  a  sever.*  storm  caused  overtopping 
of  the  diversion  cofferdam.  The  cofferdams  were  overtopped  attain  on 
24  July  1973,  a  fews  hours  after  being  restored.  On  the  same  lav ,  a 
restraining  order  was  issued  in  Federal  Court  which  stopped  all  project 
work.  Several  times  during  construct  ion  the  outlet  channel  became 
partially  blocked  by  out wash  from  a  small  stream  which  empties  into  the 
channel  from  the  right  bank.  The  streamhed  has  a  gradient  of  7.5  percent 
which  produces  a  high  velocity  flow  that  carries  limestone  fragments  to  the 
outlet  channel  during  heavy  runoff.  Although  one  gabion  structure  was 
built  just  above  the  outlet  channel,  the  out wash  problem  may  reoccur  during 
future  heavy  stream  flows. 

b.  Stage  I,  Permanent  Cofferdam.  The  foundation  of  Stage  [  was 
excavated  and  the  embankment  placed  from  19  July  1973  to  2  November  1973 
with  the  major  embankment  effort  occurring  between  II  October  and 

2  November  1973.  Three  wells  were  sunk  just  upstream  of  the  upstream  toe 
on  40-foot  centers  and  three  wells  were  just  upstre.un  of  the  centerline  of 
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the  dam  to  control  seepage.  Th.  wells  wet-  sc  re. -tied  with  24- inch  diamond 
slotted  pipe  and  pumped  with  1-inch  electric  pumps.  Results  were  generally 
poor  to  fair,  depending  on  the  amount  01  effort  put  forth  by  the  Contractor 
to  develop  this  system.  Part  of  Stage  I  had  been  pla.  ed  earlier  (before 
diverison)  on  the  left  side  of  the  tower  L>  facilitate  the  sequence  of 
operations  after  diversion. 

Stage  I  was  built  to  elevation  HM5  with  a  i  upstream  slope  1.5H  on  IV  and 
a  downstream  slope  of  2H  on  IV  with  a  d'l-toot  top  width.  A  cutoff  trench 
was  excavated  to  rock  through  sand  and  gravel  wi'h  a  centerline  90  feet 
downstream  from  the  upstream  toe  with  2W  to  IV  side  slopes  and  a  10-foot 
bottom  width.  The  embankment  material  was  compacted  random  rock  mainly 
from  the  spiLlway.  Stage  I  and  subsequent lv  Stage  II  are  the  upstream 
portions  of  the  permanent  fill  and  were  infiallv  constructed  to  protect  the 
rest  of  the  foundation  from  flooding  and  allow  it  to  be  excavated  in  the 
dry. 

c.  Stage  II,  Permanent  Cofferdam.  Stage  M  was  ->m pie  ted  la  November 
1971.  This  extended  the  embankment  to  H2".1'  with  3. 5H  to  IV  upstream  slope 
and  211  to  IV  downstream  slope  with  '  •-:<>>  t  top  width.  Compacted  random 
roc.kfill  from  the  spillway  was  used. 

6.  Construction  Notes.  The  pr  m<  Contractor  was  Butt  and  Head,  Inc..,  3858 
New  Germany  Road,  Dayton,  Ohio  45431  .  The  contract,  DACW27-72-C-0086 , 
Construction  of  Outlet  Works,  Dam,  and  Spillway,  Caesar  Creek  Lake,  was 
awarded  on  1  March  1972  and  involved  construction  of  the  earth  ani  rockfill 
dam,  the  excavation  and  construction  ot  the  gate  controlled  outlet  works  at 
the  base  of  the  right  abutment  and  the  uncontrolled  spillway  on  the  left 
abutment,  excavations  of  the  inlet  and  outlet  channels  of  the  outlet  works, 
and  construction  of  the  service  bridge,  access  roads,  parking  areas  and 
trash  boom.  It  also  Included  clearing  and  grubbing,  site  grading,  placing 
of  stone  protection  and  seeding.  Following  grubbing  of  the  construction 
site,  excavation  was  performed  for  the  outlet  works  along  the  toe  of  the 
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right  abutment.  Concrete  placement  started  in  August  1972  on  the  stilling 
basin  and  continued  on  the  outlet  works  through  the  following  winter.  The 
stilling  basin  and  conduit  concrete  were  completed  during  the  spring  of 
1971.  The  outlet  works  conduit  was  constructed  in  in  open  cut  ot 
reinforced  concrete  in  20-foot  monoliths  with  the  exception  of  monoliths  1 
and  44  which  are  15'  long.  Lean  concrete  fill  was  used  under  the  entire 
length  of  the  conduit  in  order  to  found  on  firm  rock.  The  lean  concrete 
also  had  two  other  purposes:  (1)  to  provide  a  working  pad  for  placing 
formwork  for  the  conduit  proper,  and  (2)  to  protect  tile  rock  surface  from 
deteriorating  until  the  invert  was  placed.  In  the  impervious  zone  of  the 
dam,  lean  concrete  fill  was  placed  to  the  top  of  the  conduit  on  the 
landward  side,  over  the  full  width  of  the  excavation  and  three  seep  rings 
were  placed  around  the  conduit.  Beyond  the  impervious  zone  oil  the  landward 
side,  granular  fill  was  used  to  top  of  conduit  over  the  full  width  of 
excavation.  In  order  to  insure  that  the  backfill  will  maintain  contact 
with  the  vertical  sides  of  the  conduit,  the  sides  were  given  a  batter  of  1 
horizontal  to  10  vertical.  Out  slopes  are  4  on  1  in  reck  and  1  on  1.5  in 
earth.  The  surface  between  the  lean  concrete  cradle  and  the  conduit  was 
given  a  coat  of  bituminous  paint  t<>  break  the  bond.  Trie  inlet  and  outlet 
diversion  channels  were  excavated  in  dune  and  duly  1975  aiul  the  stream 
diverted  through  the  conduit  on  14  July  !97j.  At  that  time,  the  tower 
concrete  was  placed  to  elevation  787,  the  service  and  emergency  gates, 
frames,  liners,  bonnets  and  cylinders  were  in  place  and  tdie  left  abutment 
cutoff  trench  was  excavated  and  grouted.  On  19  duly  1973,  the  Attorney 
General  of  Ohio  filed  a  complaint  in  the  Federal  District  Court:  State  of 
OHio,  Ex  re l  William  J.  Brown,  Attorney  General  of  Ohio  vs.  Howard  H. 
Calloway,  Secretary  of  the  Army,  et  al ,  Civil  Action  Nos.  8892  and  8893. 

It  contended  that  the  construction  work  at  Caesar  '"reek  Lake  should  be 
halted  until  the  United  States  complied  with  certain  laws.  There  wore 
several  allegations  of  noncorapliance  by  the  Attorney  General,  but  his  main 
contention  related  to  noncompliance  with  the  National  Envii  ri’Mital  Policy 
Act  In  that,  he  alleged,  the  environmental  impact  statements  were 
inadequate  and  did  not  satisfy  the  requirements  of  Section  102  of  NEPA.  As 
a  result  of  this  litigation,  all  significant  work  at  the  project  was 
stopped  by  the  Court's  Order  of  24  July  1973  pending  the  filing  of  i 
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complete  and  adequate  Environmental  Impact  Statement.  The  restraining 
order  was  partially  lifted  on  11  September  1973,  allowing  work  to  continue 
on  the  permanent  cofferdam  and  operating  tower.  On  II  October  1973,  the 
major  embankment  effort  started  on  the  permanent  cofferdam.  Stages  T  and 
I l  of  the  cofferdam  wore  completed  on  ]  November  1973  and  1 4  November  1973. 
respectively.  The  valley  portion  of  the  cutoff  trench  was  excavated  and 
grouted  later,  then  all  work  was  discontinued  until  the  court  injunction 
was  vacated  and  suspension  claims  were  settled.  The  court  injunction  was 
vacated  in  June  1974.  However,  because  ot  the  unavailability  of  construc¬ 
tion  equipment  in  the  late  spring  and  early  summer  of  1974  and  due  to  the 
indefinite  nature  of  the  court-imposed  suspension,  the  prime  Contractor 
decided  to  subcontract  the  earthwork  to  a  firm  with  the  necessary  personnel 
and  equipment.  The  low  bid  and  work  went  to  the  Geupel  Construct  ion 
Company,  Inc.,  of  1661  W.  Henderson  Road,  Columbus,  Ohio  43220. 
Remobilizing  began  in  August  1974  for  construction  of  the  dam  and  other 
site  work.  Geupel  placed  the  dam  embankment  to  elevation  737  by  November 
1974  when  the  weather  prevented  further  work.  Th<’  embankment  work  was 
resumed  again  the  first  week  in  April  1973  and  the  dam  was  topped  out  in 
August  1975.  The  roads,  spillway  control  structure  and  other  site  work 
were  substantially  completed  in  November  1975,  hut  the  prime  Contractor  did 
not  complete  the  control  tower  until  June  197b  at  which  time  the  final 
Inspection  was  held.  After  a  revised  Impact  Statement  was  compiled,  an 
agreement  was  reached  with  the  Ohio  Attorney  General's  Office  in  early  1975 
and  further  court  action  was  not  expected.  Contract  supervision  was 
provided  by  the  Government  in  the  form  of  a  resident  office,  administered 
by  a  resident  engineer  acting  as  a  representative  of  the  District 
Engineer.  Personnel  requirements  for  supervision  of  inspection  of  the  work 
varied  from  t irae-to-t tme .  The  inspection  force  was  sufficient  to  maintain 
effective  control  of  the  work  during  construct  ion. 

7.  Modifications.  There  were  37  modifications  for  the  construction  of  the 
Outlet  Works,  Dam  and  Spillway.  Significant  modifications  are  listed 

below: 
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Mollification  '!  delated  instrumentation  around  the  ruuiuit  it)  thrw  loca- 
tions  which  were  to  have  been  installed  by  t  tie  t.ov.-r  niu-nt  . 

Modification  7  g  ave  the  Contractor  tie  opr  ion  t  •  us.-  .  •  ’  i '  granular 
material  for  placement  behind  tin-  conduit,  under  riprap  at  the  stilling 
basin  wingwal  Is  and  in  back  of  the  stilling  tu-.it  v-incwalls.  The  original 
contract  only  specified  selected  streambed  sand  and  ,.-r  * v. - 1  taterial 
excavated  from  the  cutoff  trenches  for  th..-  c  ■*  *■  iln-is  a  ad  dam  to  be  used  as 
a  granular  backfill. 

Modification  13  provided  construction  of  a  l-m>t  wid-  mini  mu'  c.’lar  of 
impervious  fill  material  around  the  tower  to  meet  plan  impervious  plugs  for 
seepage  control. 

Modification  lb  provided  settlement  for  susneosi  >a  ot  t  ;«•  contract  and 
includes  settlement  of  several  out  stand i u  :  rase-  which  eiisced  before  and 
during  suspension.  Two  of  Lite  cases  affected  to,  embank "u-nt  and/or  abut¬ 
ment  design.  Case  8  deleted  a  portion  >t  the  eri  bwal !  o-i  the  downstream 
right  abutment  and  represented  a  75  percent  r. -duct  ion  in  the-  original  plan 
quantity.  The  rock  slopes  where  tin  erihwall  was  to  have  been  built,  were 
excavated  steeper  than  original  contract  plans  as  a  result  >f  Case  8  and 
seeded  with  crown  vetch.  The  reasons  for  deletion  of  the  erihwall  were 
principally  due  to  concern  over  the  potential  for  deterioration  and  erosion 
of  the  exposed  shale  below  the  bench  on  which  the  wall  would  be  built. 

Case  103  was  for  change  of  datum  elevations  from  1912  to  1929  to  be 
consistent  with  the  datum  used  throughout  the  rest  of  the  lake  project 
area.  Order  to  change  to  1929  datum  was  given  to  the  Contractor  on  22  June 
1972.  The  adjustment  was  accomplished  by  adding  1.10  to  the  benchmark 
elevations  on  the  plans. 

Modification  20  allowed  the  Contractor  to  place  random  rock  embankment  to 
elevation  842.0  in  the  portion  of  the  dam  upstream  of  the  impervious  core 
in  advance  of  the  impervious  fill.  The  upstream  slope  was  built  3.5H  to  IV 
to  match  the  previously  constructed  Stage  II  cofferdam.  The  top  was  an 
average  of  35  feet  wide.  The  downstream  slope  was  built  2H  to  IV  with  a 
28-foot  wide  haul  road  built  on  the  face  of  the  slope  starting  at  the  top 
on  the  right  abutment  and  ending  at  the  toe  of  the  left  abutment.  This 
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allowed  random  rock  placement  during  the  early  spring  of  1  9  7  :>  while  clay 
for  impervious  fill  was  too  wet  to  work. 

Modification  25  allowed  use  of  borrow  area  No.  >  clay  for  impervious 
fill.  Actual  quantity  used  was  34,14')  cubic  yard. s. 

Modification  3b  added  a  3-inch  and  a  4-inch  PVC  conduit  underground  across 
the  upstream  top  of  the  dam  for  future  electric  and  telephone  cables. 

Other  changes  which  were  not  contract  nodi t 1c. it  ions  include: 

Initial  stripping  of  the  abutment  was  generally  1  foot  instead  of  4  feet  as 
required  as  residual  soil  was  found  at  the  shall  nor  depth.  Ouri ig  the 
1975  construction  season,  silty,  sandy  material  was  encountered  in  the 
upper  portion  of  the  right  abutment,  downstream  from  the  cutoff  trench  and 
this  material  was  removed  with  the  greatest  depth  of  12  feet  at  Station 
25+50.  Natural  granular  material  did  not  extend  along  the  Sisc  of  the 
abutments;  therefore,  unsuitable  material  was  excavated  down  to  rock  along 
each  side  of  the  streambud  granular  material  .  T'  e  excavated  material  was 
replaced  with  random  rock  for  leveling  and  topped  with  the  horizontal  dam 
filter.  This  resulted  in  overruns  b-*vond  the  plan  estimated  quantities  for 
dam  foundation  excavation  and  for  the  horizontal  dam  filter.  Ml  other 
modifications  and  changes  applied  to  features  of  the  contract  other  than 
the  embankment, 

8 .  In  i  t  ial  F  i  1 1  i  ng . 

a .  General .  Operations  personnel  at  the  damsite  reported  daily  to 
the  Regulation  Section  in  Hydrology  and  Hydraulics  Branch.  Routine  data 
reported  consisted  of  pool  elevation,  damsite  and  observer  rainfall,  and 
pertinent  stream  stages.  When  rainfall  conditions  merited,  collection  of 
intermediate  data  from  the  damsite  and  from  the  NWS  observer  rain  gages  at 
Xenia,  Wilmington,  and  Sedalia  provided  additional  Information  needed  to 
determine  the  most  advantageous  operating  procedure.  Regulation  Section 
developed  a  reservoir  inflow  model  for  the  area  contributing  to  Caesar 
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Creek  Lake;  results  from  dally  application  to  the  model  served  as  a  basis 
for  estimating  project  inflows.  Based  on  these  forecasted  conditions,  the 
Regulation  Section  disseminated  operating  instructions  to  assure  nainte- 
nance  of  the  desired  filling  schedule. 

b.  Filling  Schedule.  The  filling  of  Caesar  Creek  Lake  was  done  in 
three  steps  with  a  pool  holding  level  of  5  days  in  between  steps  so  that 
Instrument  reading  and  other  observations  could  stabilize.  The  proposed 
and  actual  filling  curves  are  shown  on  Plate  34. 

The  filling  schedule,  showing  filling  rates,  rate  of  rise,  and  inspection 
or  stabilization  periods,  is  shown  as  Table  5. 

Filling  rates  below  elevation  800  were  in  excess  of  1  t'oot/day  however, 
since  during  construction  the  pool  had  been  as  high  as  elevation  800  and 
since  elevation  780  had  been  exceeded  several  times  during  construction 
with  no  apparent  problems,  pool  increases  in  excess  of  l  foot/day  in  the 
lower  lake  levels  were  acceptable. 


Table  5 


Proposed  Fill i ng  Schedule 


Date 

(1978) 

Average 

Filling 

Rate 

Elevation 

Capaci ty 

(Day- Second- Feet) 

No. 

of 

Days 

Average 
Rate  of 
Rise 

03  Jan 

736 

0 

231  cfs 

29 

2.2  ft/day 

31  Jan 

800 

6  ,703 

C 

03  Feb 

800 

6  ,703 

J 

645  cfs 

25 

1.0  ft/day 

02  Mar 

825 

22  ,823 

C 

07  Mar 

825 

22,823 

!) 

530  cfs 

54 

0.44  ft/day 

01  May 

849 

51,441 

Flow  In  excess  of  the  desired  fiLLing  rate  passed  through  the  conduit. 

If  at  any  time  during  the  winter  project  inflows  were  higher  than  the 
release  capability,  the  gates  reamined  fully  open  until  the  pool 
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stabilized.  As  inflows  receded,  the  release  was  reduced  c.ommensurately  in 
an  effort  to  maintain  the  pool.  After  sufficient  period  for  project 
inspection  and  instrument  stabilization  and  after  Geotechnical  Branch  had 
deemed  conditions  accept  ible,  filling  continued  at  the  prescribed  rate. 

During  periods  when  the  pool  level  was  below  the  scheduled  elevation  and 
inflows  were  in  excess  of  the  prescribed  filling  rate,  additional  water  was 
stored  provided  the  rate  of  change  of  pool  level  did  not  exceed  1.0 
foot/day. 


c .  Monitoring  Procedures. 

(1)  General.  During  the  initial  filling  of  the  reservoir,  the 
dam  and  abutments  were  monitored  for  seepage  by  piezometers  and  surveil¬ 
lance  of  the  downstream  dam  face  and  abutments.  During  the  entire  period 
the  manholes  of  the  toe  drain  of  the  dam  were  monitored  as  observation 
wells.  Horizontal  and  vertical  movements  of  the  dam  embankment  were 
monitored  by  movement  markers. 

(2)  Location  of  Instruments.  Casagrande  type  piezometers  are 
installed  along  stations  22+00  and  26+55  of  the  dam.  Wellpoint  piezometers 
are  placed  along  the  downstream  toe  of  the  dam  embankment  and  on  the  right 
abutment.  A  single  line  of  movement  markers  is  located  along  the  down¬ 
stream  crest  of  the  dam.  Three  manholes  associated  with  the  toe  drainage 
system  are  installed  approximately  520  feet  downstream. 

(3)  Observation  Frequency.  Piezometers  and  manholes  were  read 
daily  until  the  all-season  pool  elevation  849  was  reached  and  readings 
stabilized.  Stabilization  readings  were  taken  on  a  weekly  basis  for  the 
first  year  and  on  a  monthly  basts  thereafter  except  during  a  rise  in 
pool.  Movement  monuments  were  read  monthly  during  the  initial  filling  and 
quarterly  thereafter.  Surveillance  of  the  dam  and  abutments  was  on  a  24- 
hour  basis  during  the  initial  filling. 

(4)  Reporting  and  Evaluation  of  Data.  An  engineer  from  the  Geo¬ 
technical  Branch  was  located  at  the  project  site  during  filling.  The 
engineer  kept  data  plots  current,  evaluated  the  results,  and  kept  the 
District  Office  informed  per  dally  telephone  reports. 
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d.  Emergency  Plan.  An  emergency  plan  is  be  i  ng  developed  tor  all 
Lakes  In  the  Louisville  District  that  will  provide  for  orderly  notification 
and  evacuation  of  downstream  residents  in  case  of  possible  dam  failure. 

Such  plans  wilL  include,  but  not  be  Limited  to,  inundation  taaps,  points  of 
contact ,  notification  procedures,  lake  drawdown,  and  other  pertinent  items. 

9  .  Inst  rument at  io n . 

a.  General.  The  instrumental  ion  consists  of  piezometers,  observation 
wells  and  movement  monuments.  The  main  dan  has  1"  piezometers  in  the 
embankment,  8  observation  wells  on  the  abutments,  and  a  single  line  of 
movement  monuments.  Instrumentation  plans,  details  and  sections  are  shown 
on  plates  35,  36  and  37. 

b.  Piezometers .  Piezometers  6,  7  and  8  on  the  upstream  side  of  the 
core  reflect  the  pool  indicating  that  the  random  rock  zone  is  becoming 
saturated.  The  other  upstream  piezometer,  number  9,  is  dry  since  its  tip 
is  at  846  which  is  above  the  present  pool.  Piezometers  3  and  4  on  the 
downstream  side  of  the  core  are  both  dry  and  along  with  piezometers  1  and  7 
with  low  readings  indicate  that  the  core  is  effectively  reducing  the 

head.  Piezometer  10  on  the  downstream  side  of  the  core  is  apparent  l'-- 
influenced  by  ground  water.  The  piezometer  plots  are  shown  on  pin:  ' 

through  41. 

e.  Observation  Weils.  Observation  wells  11,  12,  1)  and  la  on  the 
right  abutment  are  also  apparent lv  influenced  by  ground  water.  Observation 
wells  15  and  16  on  the  downstream  side  of  the  core  fluctuate  iust  above  the 
tailwater.  Observation  welLs  18  and  19  on  the  left  downstream  abutment 
react  to  the  pool  indicating  slight  seepage  coming  through  the  left 
abutment . 
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j.  Movement  Markers  .  The  maximum  vert,  ica!  «<»- f  t  1  era. -of  >X  • 1 .  I 
occurred  at  the  maximum  embankment  section.  The  maximum  horizontal 
movement  of  0.18  foot  occurred  at  the  maximum  embankment  aec'  i  ■>. 
horizontal  and  vertical  movement  plots  ire  shown  on  plat  .-s  :  : 
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MANUAL.  COMPUTATION  FOR  critical,  circle 


HTRI 

SIDE 

fFTt 

AVii 

HT- 

(FT} 

WIDTH 

(FTi 

AREA 

(FTi? 

X 

fFTl 

SIN© 

Vr 

R-402' 

COSd 

-■■  ■  ■ 

Normal  for< 

t  1 

COH£S 

ION 

TAHC.ENTIAL  FORCE. 

t  fff 

(PCF) 

W  EFF. 

(MP$i 

N  tFF 

(WCO-J 
_JLLtP^l  J 

TAN0 

NeffTanX 

CKIPS) 

ARC 

LENSTH 

(FT). 

c 

(5S.Fi 

CL 

jfolPL 

yT  ! 

Wt 

(kips] 

M EH 

20 

10.0 

43.0 

4300 

-54.3 

-.  I3S 

132.5 

57.0 

5(S.  5. 

2 

30. 

7.3 

oa 

jS&q 

57.Q 

-7-7 

34 

27.0 

40.0 

1060/ 

-16.2 

-.045 

<¥=)<= 

143.1 

16.6 

ao-.o. 

MM 

43 

3fl.5 

1540.  n 

20.6 

.052 

.Fft9 

204.1 

203.9 

26.  .5 

40.5 

fti.f? 

20U 

i^L£ 

4* 

4  5.* 

~i 

182  OJ. 

.150 

241.2 

2  38.5 

3/.n 

41-0 

ft  2,  fl 

SO 

43.0 

j 

l<Wi/Ul 

100. 0 

.244 

2  59.7 

2  5-1.6 

32.7 

41. 

.a.3,0l 

-A 

ida 

AC. 

48.0 

1320.1 

I33.fi 

.  34ft 

.937 

2.54.t 

2  3  ft. -4 

3/-0 

45.0, 

■  6feQ 

2524 

3B 

liJ.fl 

11 

17ajL44G 

.895 

222. G 

1 .99.2 

25,9 

45-0 

-2&0. 

23 

30.5 

40 

.0 

leso.ni  2IB.I 

.  543 

.  P>40 

1  fit. 7 

13  5.  ft 

1 7.7 

4ft,  Q 

%,o 

IfiM 

fl7,ei 

O 

11.5 

33.0 

P53.n 

.S2A 

.777 

13 

2.5 

59.4 

40,.  1 

■  i 

3D 

£.0 

52A 

2 

00 

104.4 

132.5 

59.4 

37,4. 

1 

N  EPF 

Tan0 

[  I9G.7 
— 

^:CL  - 

T90.0 

±.T 

=  410.4 

f.v=  t-UMpTy^AsL--  i^.t7.3Q‘a-=  -  £-40  —a. 


NOTES:  i 

1.  Slope  stability  computations  mide  wi+K  I  B.  VI.  360  electronic  camp uter 
using  programs  No.4l-K2~  H203.  if  he  stability  ot  the  critical  circle  was 
checked  with  the  manual  compij+a+ion  shown. 

| 

2.  A  search  by  the  computer  showed  [the  most  critical  type  oi  -failure  to  be  an 
embankment  failure  tangent  to  t(ie  sand  and  gravel  at  elevation  73B. 

3.  Centers  of  all  base  circles  an?  Shojwn  along  with  "Factor  of  Safety  Contours." 
The  critical  circle^  'is  shown  on  the  embankment  cross  section. 
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NOTES: 

/.  Slope  ste  bility  comput'd"  ions  wire  maJe  With  an  I  B  3(>0 

e  le  fc  tran  ic  computer  using  program  No.  4I-K2~  W203-  The  slohih 

of  Me  crif/cal  circle  uses  chec  he  A  wihh  the  manual  computa  bio 
shown  . 

2.  A  search  by  the  computer  showeA  the  most  critical  type  oJ 

failure  to  be  an  embankment  failure  tangent  to  the  so 

an!  gravel  e.4  elevation  7,38. 

3.  Centers  of-  base  circles  are  shown  along  with  Factor  of 

Safety  Cantourj  .  T he  critical  circle  is  shown  on  the 
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APPENDIX  1 

COFFERDAM  CONSTRUCTION 


)  View  of  left  abutment  of  dam  after  stripping  and  prior  to 
diversion  26  September  1973. 


COFFERDAM  CONSTRUCTION 


(3)  View  looking  downstream  at  completed  cofferdam  Dec  1973. 


(4)  View  showing  D.S.  toe  of  cofferdam  embankment  and  cleanup 
of  core  trench  Doc  1973. 
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DAM  FOUNDATION 


(5)  View  showing  shale  foundation  of  valley  cutoff  trench  iron 
left  abutment  Dec  1973. 

Impervious  Core  Embankment  Placement  -  Dam 


(6)  First  lift  of  Impervious  material  being  placed  in  core  area 
of  uan  Sep  1974. 


Impervious  Core  Embankment 


(7)  Impervious  embankment  being  placed  along  left  side  of  con¬ 
duit,  and  right  abutment  toe  of  dam  17  Sep  1974. 


(8)  View  of  Impervious  placement  at  left  abutment  toe  of  dam 
17  Sep  1974. 
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TRANSITION  AND  INCLINED  DRAIN 


(9)  View  looking  at  left  abutment  toe  of  dam  showing  beginning 
of  5  foot  wide  transition  zone  and  b  foot  wide  inclined 
drain.  Material  right-hand  lower  corner  of  photo  is  top  of 
original  sand  and  gravel  which  remained  in  place.  19  Sep  1 9 7 A . 


(10)  Horizontal  sand  drain  being  placed  at  downstream  toe  of  dam. 
Nov  197 A. 
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PLACEMENT  OF  VERTICAL  TRANSITION  AN!)  INCLINE!)  DRAIN  ZONES 


Each  zone  was,  5  feet  wide 
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15)  View  showing  overbuilt  width  of  core  zone  after  being  cut 
back  to  designed  edge  of  zone  by  a  grader.  June  1975. 

FOUNDATION  CLEANUP  AND  DEWATERING 


16)  View  showing  cleaned  foundation  prior  to  impervious  place 
nent  in  left  abutment  cutoff  trench  station  17+50,  elev, 
820.  'lay  1975. 
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